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(57) Abstract 

A method for detecting halogenated precursors incorporated into DNA is presented. The method is based on the selective photolysis of 
DNA by ultraviolet light at the sites of an incorporated halogenated precursor, such as the thymidine base analogs 5-bromo-2-deoxyuridine t 
5-iodo-2^deoxyuridine t 5-flucnx>-2^eoxyuridine or 5-chloro-2-deoxyuridine. The S'-hydroxyl termini of the DNA single strand breaks may 
be marked with a fluorescent label The labelled DNA may be analyzed by flow cytometry or fluorescence microscopy. 
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BACKGROUND OF T HB INVENTION 

gleld of the invention 

The present invention relates to the detection of DNA 
10 replication and DNA repair, and more particularly to the 

detection of halogenated precursors incorporated into the DNA. 

Deacrintion of the Related Art 

The process of DNA replication is studied primarily to 
15 assess the proliferative potential of cell populations and to 
study progression of the cell cycle. The study of cell 
proliferation has application in the prognosis of tumors and 
predictions of the likelihood of organ transplant rejection. In 
the process of DNA repair, DNA damage is detected and corrected; 
20 this process is studied mostly to evaluate the genotoxicity, 
i.e., mutagenicity and/or carcinogenicity, of environmental 
toxins and other substances. 

There are two distinct methodologies currently used to 
analyze DNA replication or repair. One method is based on the 
25 incorporation of a radioactive DNA precursor, such as tritiated 
thymidine, into the repaired DNA molecules followed by 
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autoradiographic detection or quantitation using a scintillation 
counter. This method is being phased out due to the ecological 
disadvantages associated with radioactive tracers and the 

« 

cumbersome analysis of cells required by the autoradiography 

5 procedure* 

The second method utilizes fluorescence rather than 
radioactivity. Most assays of this type are based on the 
detection of incorporated halogenated precursors, such as the 
thymidine base analogs 5-bromo-2-deoxyuridine (BrdUrd) or 5-iodo- 

10 2-deoxyuridine (IdUrd) (1,2) . These assays are widely used in 
research laboratories and clinics. Their clinical usefulness . is 
primarily in the evaluation of tumor prognosis; numerous 
observations indicate that the proportion of cells replicating 
DNA, or the potential doubling time of proliferating cells, has 

15 strong prognostic value (3-6) . 

BrdUrd is substituted stoichiometrically for thymidine in 
DNA molecules during the S -phase (synthesis phase) of the cell 
cycle. During the S -phase the cellular DNA content is doubling 
between the Gi and G2 cell phases (gap phases) . The amount of 

20 incorporated BrdUrd is related to the new DNA content, i.e., the 
S-phase of the cell cycle. 

The most common method of BrdUrd detection is based on the 
use of anti -BrdUrd antibodies (1,2). This conventional method, * 
though proven to be of great value in numerous instances, has a 

25 serious drawback in that it requires DNA denaturation, i.e., 

strand separation, prior to incubation with the BrdUrd- specif ic 
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antibody. This step is necessary to make the epitope, i.e., the 
incorporated precursor, accessible and reactive with the 
antibody. Denaturation involves either heat (290*C) or acid (2-4 
M HC1) treatment. Under these conditions many cellular proteins 

5 undergo denaturation and/or extraction. The requirement for DNA 
denaturation makes it very difficult to combine the BrdUrd 
incorporation assay with other probes of cell phenotype or 
function, such as surface immunofluorescence, or the detection of 
intracellular antigens or other proteins. Furthermore, because 

10 of the differences in chromatin structure between different cell 
types, which in turn affect the DNA denaturation step, the BrdUrd 
antibody method fails when used in some clinical samples, or cell 
lines. Several approaches designed to bypass the denaturation 
step, such as the partial digestion of DNA with nucleases, appear 

15 to be of limited practical value (7). 

Alternative methods employing BrdUrd, based on the quenching 
of f luorochromes such as Hoechst 33258 (8) or acridine orange (9) 
by incorporated BrdUrd, are leBs sensitive compared to the assay 
which utilizes BrdUrd- specific antibody. Dye quenching methods 

20 have been used to detect cells that incorporated BrdUrd during 
continuous exposure to the precursor (10) but, because of their 
low sensitivity, have limited application, especially in the 
clinic. 

The publications cited herein are incorporated by reference 
25 into this disclosure and appear in an Appendix to the 
application. 
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SUMMARY OP THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a method of detecting a halogenated precursor 
incorporated into DNA molecules under non- denaturing conditions 
5 as a measurement of DNA replication or DNA repair . 

It is another object of the present invention to provide a 
sensitive method of detecting a halogenated precursor 
incorporated into DNA molecules as a measurement of DNA 
replication or DNA repair. 
10 It is yet another object of the present invention to provide 

a method of detecting a halogenated precursor incorporated into 
DNA molecules which may be used in conjunction with, and without 
adversely affecting, other probes of cell phenotype or function* 
It is a further object of the present invention to provide a 
15 method of detecting a halogenated precursor incorporated into DNA 
molecules which may be used in conjunction with, and without 
adversely affecting, methods of detecting intracellular antigens 
and other proteins. 

It is yet a further object of the present invention to 
20 provide a method of detecting a halogenated precursor 

incorporated into DNA which may be used to simultaneously detect 
cells undergoing apoptosis, i.e., programmed cell death. 

A still further object of the present invention to provide a 
method of detecting DNA replication which may be used as a tool 
25 to aid in the prognosis of tumors. 
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A final object of the present invention is to provide a 
method of detecting DNA repair as a tool for evaluating the 
genotoxicity, i.e., mutagenicity and/or carcinogenicity, of 
environmental toxins and other substances. 
5 The invention is a method of detecting DNA replication or 

DNA repair through detection of halogenated precursors 
incorporated into DNA. The halogenated precursor is a thymidine 
base analog such as 5-bromo-2-deoxyuridine (BrdUrd) , 5-iodo-2- 
deoxyuridine (IdUrd) , 5-f luoro-2-deoxyuridine (FdUrd) , or 5- 
10 chloro-2-deoxyuridine (CldUrd) . 

The preferred method comprises incorporating a halogenated 
precursor into DNA within cells; exposing the cells to 
ultraviolet (UV) light to induce photolysis of the DNA within the 
cells at the sites of precursor incorporation; fixing the cells; 
15 marking the photolysis-generated termini of the DNA with a 
fluorescent label using an exogenous enzyme to catalyze the 
labeling reaction; and detecting the fluorescence of the 
fluorescent -labeled DNA. The fluorescence may be detected in 
situ by flow cytometry or fluorescence microscopy, and is used to 
20 determine the amount of newly synthesized DNA in the cells and, 
thus, the current phase of the cell cycle. First, the amount of 
incorporated halogenated precursor is determined from the amount 
of fluorescence. Second, the amount of newly synthesized DNA 
within the cells is determined from the amount of incorporated 
25 halogenated precursor. Finally, the current phase of the cell 
cycle is determined from the amount of newly synthesized DNA. 
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These determinations are accomplished using conventional methods 
well known to an ordinary person skilled in the art. 

Another method comprises incorporating a halogenatecj 
precursor into DNA within biological entities, such as cells, 
5 bacteria, and viruses; exposing the biological entities to 
ultraviolet light to induce photolysis of the DNA within the 
biological entities at the sites of precursor incorporation; 
isolating the DNA from the biological entities; analyzing the 
isolated DNA; marking the photolysis -generated termini of the 
10 analyzed DNA with a fluorescent label; and detecting the 
fluorescence of the fluorescent -labeled DNA. 

The present invention does not require denaturation of the 
DNA molecules since it is based upon fluorescent labeling of DNA 
single strand breaks at the sites of precursor incorporation 
15 which are induced by exposure to ultraviolet light, i.e., 

photolysis. This feature of the invention is a great advantage 
in that it allows the method to be used in conjunction with, and 
without adversely affecting, other probes of cell phenotype or 
function, and methods for detecting intracellular antigens and 
20 other proteins. In addition, the method can be used to 
simultaneously detect cells undergoing apoptosis, i.e., 
programmed cell death. 

25 The above and numerous other objects of the invention that 

may be achieved by the preferred embodiment of the invention will 
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be more readily understood from the following detailed 
description. 




DBBCRIPTTOM OF THB , PRUPBRRKT) EMBODIMENT 

A method for detecting a halogenated precursor incorporated 
into DNA as a measurement of DNA replication or DNA repair 
without denaturation of the DNA molecules is presented. The 
method may be used with cells in suspension, thin tissue, 
sections, bacteria, and viruses. Examples of cells for which the 
method has been used include human leukemic HL-60 and MOLT 4 cell 
lines, normal human lymphocytes stimulated in vitro by the 
mitogen phytohemagglutinin, human leukemic bone marrow cells, and 
human breast carcinoma tissue. 

This method may be employed to detect DNA replication in the 
analysis of cell proliferation. The most extensive application 
is expected to be in clinical oncology, where cell, proliferation 
assays are used as prognostic markers of tumors. The method may 
also be used in monitoring tumor treatment efficiency, in cases 
in which the tumor can be sampled by venipuncture or bone marrow 
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aspiration or biopsy (hematopoietic diseases) or by needle biopsy 
(solid tumors), for example, during treatment. In addition, the 
method may be employed to predict the likelihood of organ 
transplant rejection, i.e., to test for proliferation of the 
5 recipient's lymphocytes in the presence of specific donor cells. 
The method does not require denaturation of the DNA 
molecules since it is based upon fluorescent labeling of DNA 
single strand breaks at the sites of precursor incorporation 
which are induced by exposure to ultraviolet light, i.e., 
10 photolysis . This feature allows the method to be used in 

conjunction with, and without adversely affecting, other probes 
of cell phenotype or function, and methods for detecting 
intracellular antigens and other proteins, in addition, the 
method can be used to simultaneously detect cells undergoing 
15 apoptosis, i.e., programmed cell death. 

The method may also be used to detect DNA repair. Because 
several fluorescent labels may be attached at each DNA single 
strand break, i.e., at each site of incorporated precursor, the 
method is theoretically several times more sensitive than the 
20 conventional method based on the use of anti-BrdUrd antibodies. 
High sensitivity favorB its use in tests of the mutagenicity of 
drugs, food components and additives, and environmental toxins, 
as a measurement of DNA repair replication. 

The preferred method comprises incorporating a halogenated 
25 precursor into DNA within cells; exposing the cells to 

ultraviolet (UV) light to induce photolysis of the DNA within the 
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cells at the sites of precursor incorporation; fixing the cells; 
marking the photolysis -generated termini of the DNA with a 
fluorescent label using an exogenous enzyme to catalyze the 
labeling reaction; and detecting the fluorescence of the 
5 fluorescent -labeled DNA. The fluorescence may be detected in 

situ by flow cytometry or fluorescence microscopy, and is used to 
determine the amount of newly synthesized DNA in the cells and, 
thus, the current phase of the cell cycle. First, the amount of 
incorporated halogenated precursor is determined from the amount 
10 of fluorescence. Second, the amount of newly synthesized DNA 
within the cells is determined from the amount of incorporated 
halogenated precursor. Finally, the current phase of the cell 
cycle is determined from the amount of newly synthesized DNA. 
These determinations are accomplished using conventional methods 
15 well known to an ordinary person skilled in the art. 

The cells were exposed in vitro or in vivo to a halogenated 
precursor such as the thymidine base analogs 5-bramo-2- 
deoxyuridine (BrdUrd) , 5-iodo-2-deoxyuridine (IdUrd) , 5-fluoro-2- 
deoxyuridine (FdUrd) , or 5-chloro-2-deoxyuridine (CldUrd) , to 
20 effect the incorporation of the precursor into the DNA within the 
cells, in vivo exposure was accomplished by conventional 
intravenous, intramuscular, or intravesicular addition; these 
methods of incorporation are well known to an ordinary person 
skilled in the art. In vitro exposure was accomplished by 
25 incubation of the cells with the halogenated precursor. The 
cells were incubated with concentrations of precursor ranging 
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from about 10 uM to about 50 uM, depending upon the type and 
physical state of the cells. Optimum incorporation into 
suspended cells was usually achieved with the lower 
concentrations of precursor, such as 10, 20, or 30 uM, whereas 

5 optimum incorporation into tissue sections usually required 
higher concentrations, such as 30, 40 or 50 uM. However, all 
five concentrations, i.e., 10, 20, 30, 40, and 50 uM, may be used 
for both suspended cells and tissue sections. The incubation 
periods ranged from about five minutes to about eight hours, 

10 again depending upon the type and physical state of the cells. 
Optimum incorporation into suspended cells was usually achieved 
with shorter incubation periods, such as five, thirty, or forty 
minutes, whereas optimum incorporation into tissue sections was 
usually achieved with longer incubation periods, such as one or 

15 two hours. The incubations were carried out at about 37 *C in the 
dark. 

dna in which a halogenated deoxynucleotide such as BrdUrd or 
IdUrd is substituted for thymidine is sensitive to illumination 
with UV light: absorption of high energy photons by such labeled 
• 20 DNA results in its photolysis or breakage (11, 12) . Photons of 
approximately 310 nm wavelength are especially effective in 
causing DNA single strand breaks at sites of BrdUrd incorporation 
(11) . Uniform illumination of DNA is expected to generate DNA 
single strand breaks in proportion to the amount of incorporated 
25 halogenated deoxynucleotide. It is believed that similar results 
will be obtained with DNA in which FdUrd or CldUrd is substituted 

10 
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for thymidine. It is also believed that incorporation studies 
involving FdUrd may provide an indirect indication of the 
sensitivity of various tumors to 5-f luorouracil (5-FU) , the most 
widely used antitumor agent for the treatment of solid tumors. 
5 The method of the present invention may provide an accurate and 
sensitive technique for the detection of 5-FU in tumor cells. In 
addition, incorporation studies with FdUrd may provide insight 
into the mechanism of action of 5-FU. 

It was determined that illumination of the cell suspension 
10 in Petri dishes or tissue sections on slides placed face down and 
positioned directly on the glass surface of a Foto UV Analytical 
DNA trans illuminator (Fotodyne, inc. , New Berlin, Wl) containing 
four 15 watt 300 nm bulbs and illuminated for approximately five 
minutes, was optimal in terms of induction of DNA single strand 
15 breaks in BrdUrd- labeled cells or tissue sections. An 

illumination period of approximately ten minutes was determined 
to be optimal for IdUrd- labeled cells. It is believed that 
similar results will be obtained with DNA in which FdUrd or 
CldUrd is substituted for thymidine. 
20 Two variations of the preferred method exist with respect to 

the step for marking the 3'-hydroxyl termini of the photolysis - 
generated DNA strand breaks with a f luorochrome. Both direct and 
indirect marking procedures may be employed. In one embodiment, 
the DNA termini are directly labeled with a deoxynucleotide 
25 conjugated with a f luorochrome, such as fluorescein- conjugated 
deoxyuridine triphosphate (fluorescein- 12 -dUTP) . in a second 

11 

SUBSTITUTE SHEET (RULE 26) 



WO 95/33070 



PCT/US95/06696 



embodiment, the DNA termini were labeled with a deoxynucleotide • 
conjugated with a first agent, such as biotinylated deoxyuridine 
triphosphate (b-dUTP) or digoxygenin- conjugated deoxyuridine 
triphosphate (d-dUTP) , and thereafter incubated with a second 

5 agent conjugated with a f luorochrome, such as avidin- fluorescein 
isothiocyanate or fluorescein- conjugated ant i- digoxygenin 
antibody, respectively, which binds to the first agent of the 
conjugated deoxynucleotide. An exogenous enzyme such as terminal 
deoxynucleotidyl transferase or DNA polymerase (nick translation 

10 system) is used to catalyze the labeling reaction in both 
variations . 

Another method comprises incorporating a halogenated 
precursor into DNA within biological entities, such as cells, 
bacteria, and viruses; exposing the biological entities to 
15 ultraviolet light to induce photolysis of the DNA within the 
biological entities at the sites of precursor incorporation; 
isolating the DNA from the biological entities; analyzing the 
isolated DNA; marking the photolysis -generated termini of the 
analyzed DNA with a fluorescent label; and detecting the 
20 fluorescence of the fluorescent -labeled DNA. The incorporation 
step is accomplished by exposing the biological entities in vitro 
to the halogenated precursor, which is a thymidine base analog 
such as BrdUrd, IdUrd, FdUrd, or CldUrd. In vitro exposure is 
accomplished by incubation of the biological entities with the 
25 precursor. Isolation of the DNA from the biological entities is 
accomplished using conventional methods, such as extraction, 

12 
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which are well known to an ordinary person skilled in the art. 
Analysis of the isolated DNA is accomplished by conventional 
methods such as gel electrophoresis and blotting assays, which 
sure well known to an ordinary person skilled in the art. The 

5 photolysis -generated termini of the analyzed DNA are marked with 
a fluorescent label using the methods describe^ herein or using 
conventional methods well known to an ordinary person skilled in 
the art. The fluorescence of the fluorescent -labeled DNA is 
detected using methods well known to an ordinary person skilled 

10 in the art. 

The following examples will serve to illustrate the present 
invention but are in no way intended to limit the scope of the 
invention which is defined in the appended claims. The materials 
and methods presented in the examples are cited in previous 
15 publications (13, 14). 

EXAMPLE 1 

Cells. Human leukemic HL-60 cell lines were maintained in 
RPMI 1640 medium (Gibco BRL Life Technologies, Inc., Grand 

i 

20 Island, NY) supplemented with ten percent fetal calf serum, 100 
units/ml penicillin, 100 ug/ml streptomycin and 2irtM L-glutamine. 
The cells were split every third day and were diluted 1:2 one day 
before each experiment. Cell densities in cultures did not 
exceed 5xl0 5 cells/ml. 
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Precursor Incorporation. The cells were incubated with 10 
uM BrdUrd (Sigma Chemical Co., St. Louis, MO) at 37 *C in the dark 
for one hour. 

Photolysis. At the end of the incubation period, the cells 
5 were illuminated with ultraviolet (UV) light of 310 nm wavelength 
for five minutes. 

Cell Fixation. The cells were rinsed in phosphate buffered 
saline (PBS) and fixed in 70% ethanol. In some experiments, the 
cells were also fixed in 1% formaldehyde (pH 7.4) at 0-4:c for 15 
10 minutes, and then post -fixed and stored in 70% ethanol. 

Fluorochrome Labeling. The 3'-hydroxyl termini of the DNA 
single strand breaks generated by photolysis were labeled with 
digoxygenin- conjugated deoxyuridine triphosphate (d-dUTP) 
followed by incubation with an f luorochrome- conjugated anti- 
15 digoxygenin antibody. This was accomplished using the commercial 
kit for DNA strand break labeling developed to identify apoptotic 
cells (ApopTag™ kit, ONCOR Inc., Gaithersburg, MD) , according to 
the protocol included with the kit by the vendor. 

Flow Cytometry. The cells were rinsed in PBS with 0.1% 
20 Triton-X 100 and resuspended in 1 ml of PBS containing 5ug/ml of 
propidium iodide (Pi) and 0.1% RNase A (both from Sigma Chemical 
Company) . Flow cytometry was performed on a FACScan Flow 
Cytometer (Becton Dickinson, San Jose, CA) . The red (PI) and 
green (fluorescein) fluorescence emissions from each cell were 
25 separated and measured using the standard optics of the FACScan. 
The data from 10 4 cells per sample were collected, stored, and 
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M usin, u*» xx software .sectin-oicKinso* ■ - — 
o£ gre en £ Xuore S cence were .neasurea using *otn linear ana 
jogarittonic anplif ication for each aaapXe. 

EXAMPLE 2 

Hum an XeuK^o HX.-60 ceXXs were culturea ae in ExanpXe X. 

* uh m uM idUrd (Sigma Chemical Co., 
The cells were incubated with 10 uM laura 

2. xouis. MO) at 37 * C in «. aarK for one nonr. - ceXXe were 
^eea ror een — ana «- ae >e £ ore. *ne 3— X 

a v,^ M k B Generated by photolysis were 
termini of the DNA strand breaks genera 

B Fluorescence of individual cells 

0 labeled with d-dOTP as before. Fluorescence 

was measured by flow cytometry as before. 

EXAMPLE 3 

Human leukemic «,«■ cells were cultured, incubated with 10 
uM sraurd, photolysed, and fixed as in Example i. The 3- 

, . b the DNA single strand breaks generated by 
15 hydroxyl terminx of the dna sing 

, - „4«rt-iv with fluorochrome-con D ugated 
photolysis were labeled directly with 

in 12-dUTP) (Boehringer Mannheim Biochemxcals , 
durp (fluorescein- 12 axnv) \o<-> 

„ e „f individual cells was measured 
Indianapolis, IN). Fluorescence of indivi 

by flow cytometry as before. 

EXAMPLE 4 

20 v in «l-60 cells are cultured, labeled with 10 uM 

Human leukemic HL-60 cex±» » 

, a an d fixed as described in Example 1. 
BrdUrd, photolysed, and fixeo a 

n„„ The 3 '-hydroxyl termini of the dna 
Fluorochrome Labeling. Tne j y 

sing Xe etrana »rea*e 9 enera t ea * pnotoXysie are Xa.eXea witn 
25 niotinviatea auTP -XXowea * inouOaU on witn 

nuorochro.e-coupxea aviain. Two process are foXXowea. eaon 
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using a different exogenous enzyme to catalyze the addition of 
dUTP to the DNA termini: 

(1) TdT Assay. After fixation and washing, cells are 
resuspended in 50 ul of a solution containing o.i m sodium 
5 cacodylate (pH 7.0) (Sigma) . l mM CoCl 2 (Sigma), o.lmM 

dithiothreitol (Sigma), 0.05 mg/ml bovine serum albumin (Sigma), 
10 units of terminal deoxynucleotidyl transferase (Boehringer 
Mannheim), and 0.5 nmoles biotin-16-dUTP (TdT buffer), m some 
experiments, in addition to b-dUTP, unlabeled dATP, dGTP, and 
10 dCTP are included, each at a concentration of 20 uM. The cells 
are incubated in this solution at 37* c, for time intervals 
between 15 minutes and 3 hours, rinsed in PBS, and resuspended in 
100 ul of the staining buffer containing f luoresceinated avidin, 
which contains 2.5 ug/ml f luoresceinated avidin, 4X saline-sodium 
15 citrate buffer (Sigma) (1 x SSC = 0.15 M NaCl, 0.015 M Na- 

citrate), 0.1% Triton X-100, and 5% (w/v) nonfat dry milk. Cells 
are incubated with this buffer for 30 minutes at room temperature 
in the dark. The TdT assay is also performed on cytospin 
preparations on slides. The specimens are fixed for 15 minutes 
20 in 1% formaldehyde in PBS (pH 7.4), rinsed in PBS, and 

transferred to 70% ice-cold ethanol for 1 hour. After rinsing in 
PBS, excess PBS is removed, and 25ul of TdT buffer are pipeted 
onto slides. The specimens are kept in a humidified chamber for 
30 minutes at 37 *C. The slides are then rinsed in PBS and 
25 incubated in the dark for 30 minutes with the staining buffer. 
Nucleotides, biotin-ie-dUTP, avidin-f luorescein isothiocyanate, 
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terminal deoxynucleotide transferase, and DNA- polymerase were 
purchased from Boehringer-Mannheim Biochemicals . 

(2) NT Assay. Following fixation, the cells are rinsed once 
with PBS, and 2 X 10 5 cells are suspended in 12.5 ul of nick 

5 translation buffer consisting of 2.5 MgCl 2 , 10 rrtM B- 

mercaptoethanol (Bio-Rad Laboratories, Richmond, CA) , 50 mM Tris 
(pH 7.8), 10 ug/ml bovine serum albumin, 1 unit E. coli DNA 
polymerase, 0.2 nmoles unlabeled dATP, dGTP, and dCTP, and 0.2 
nmoles biotin-16-dUTP. The cells are incubated in nick 

10 translation buffer with gentle agitation every 15 minutes, at 

15 "C, for up to 6 hours. Afterward, the cells are washed in PBS 
and resuspended in 100 ul of the staining buffer described above. 

Fluorescence of individual cells is measured by flow 
cytometry as before. 

15 EXAMPLE 5 

Human leukemic HL-60 cells are cultured, labeled with 10 uM 
IdUrd, photolysed, and fixed as described in Example 2 above. 
The 3 1 - hydroxy 1 termini of the DNA single strand breaks generated 
by photolysis are labeled with biotinylated dUTP (b-dUTP) 

20 followed by incubation with f luorochrome- coupled avidin as 
before. Fluorescence of individual cells is measured by flow 
cytometry as before. 

EXAMPLE 6 

Human breast carcinoma tissue was labeled by incubating thin 
25 (i 1 mm) slices of freshly resected tumor in RPMI 1640 medium, 
with 30 uM BrdUrd for one hour at 37 *C. The tissue was then 
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fixed overnight in 70% ethanol, embedded in paraffin and 
sectioned. The sections on slides were deparaff inized and 
rehydrated. The slides were placed face down on the illuminator 
and exposed to UV light for five minutes. The 3' -hydroxy 1 

5 termini of the DNA single strand breaks generated by photolysis 
were labeled with d-dUTP, followed by incubation with a 
fluorochrome- conjugated antibody as in Example 1. Nuclei were 
counterstained on slides with propidium iodide. In preparations 
viewed under a Nikon epif luorescence microscope, BrdUrd- labeled 

10 nuclei fluoresced green while nuclei which had not incorporated 
the precursor fluoresced red. 

EXAMPLE 7 

Human breast carcinoma tissue is quick frozen in liquid 
nitrogen, sliced into thin slices, and mounted on a slide, i.e., 
15 a frozen section is prepared. The tissue is incubated with 

BrdUrd, photolysed, and fixed as in Example 6. The 3'-hydroxyl 
termini of the DNA single strand breaks generated by photolysis 
are labeled with d-dUTP, followed by incubation with a 
fluorochrome- conjugated antibody as in Example l. Fluorescence 
20 microscopy is done as in Example 6. 

EXAMPLE 8 

An "imprint" of human breast carcinoma tissue is prepared by 
making a clean slice through the tumor and pressing the sliced 
tumor onto a glass slide to leave an imprint of the tumor 
25 consisting of a layer of cells. The slide is incubated with 
BrdUrd, photolysed, and fixed as in Example 7. The 3'-hydroxyl 
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termini of the DNA single strand breaks generated by photolysis 
are labeled with d-dUTP, followed by incubation with a 
fluorochrome- conjugated antibody as in Example 1. Fluorescence 
microscopy is done as in Example 6. 

5 EXAMPLE 9 

Human breast carcinoma tissue is labeled by incubating thin 
(i l mm) slices of freshly resected tumor in RPMI 1640 medium, 
with 20 uM IdUrd for one hour at 37 # C. The tissue is then fixed, 
and sections are prepared, treated and photolysed as in Example 6 

10 above. The 3 f -hydroxyl termini of the DNA single strand breaks 
generated by photolysis are labeled with d-dUTP, followed by 
incubation with a fluorochrome- conjugated antibody as in Example 
1. Fluorescence microscopy is done as in Exanple 6. 

EXAMPLE 10 

15 Human breast carcinoma tissue is labeled with 10 uM BrdUrd, 

fixed and photolysed as described in Example 6 above. The 3 f - 
hydroxyl termini of the DNA single strand breaks generated by 
photolysis are labeled with biotinylated dUTP (b-dUTP) followed 
by incubation with f luoresceinated avidin as in Example 4 above. 

20 Fluorescence microscopy is done as in Example 6. 

EXAMPLE 11 

Human breast carcinoma tissue is labeled with 20 uM IdUrd, 
fixed and photolysed as described in Example 9 above. The 3'- 
hydroxyl termini of the DNA single strand breaks generated by 
25 photolysis are labeled with biotinylated dUTP (b-dUTP) followed 
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by incubation with f luoresceinated avidin as in Example 4 above. 
Fluorescence microscopy is done as in Example 6. 

Plots may be made of DNA content versus BrdUrd 

5 incorporation in a conqparison of the results obtained using the 
present invention and the conventional immunocytochemical 
detection method, i.e., the anti-BrdUrd antibody method. 
Exponentially growing HL-60 cells were incubated in the presence 
and absence of 50 uM BrdUrd for one hour. 

10 The incorporated BrdUrd was detected either immunocyto- 

chemically, denaturing the DNA with 2.0 M HCl and using the anti- 
BrdUrd antibody as described elswhere (17) or using 

the method of the present invention, without DNA denaturation 

Cellular DNA was counterstained with PI to identify the 

15 cell cycle position. In both techniques, only the cells with a 
DNA content equivalent to that of S-phase cells were labeled; 
the cells that were not incubated with BrdUrd, i.e., control 
cells, remained unlabeled. The labeling of S-phase cells was 
very intensive by both assays, as may be noted by the exponential 

20 scale of the green fluorescence. The results obtained with the 
method of the present invention were similar to those obtained 
with the conventional immunocytochemical method. 

Plots may be made of DNA content versus dUTP 

incorporation for cells following incorporation of either BrdUrd 

25 or IdUrd. Cells were incubated with 10 uM BrdUrd or 
idUrd for 1 hour, washed, fixed and either 
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illuminated with UV light or lett 

unilluminated. The samples were then 

exposed to d-dUTP in the presence of TdT. Only those cells 
exposed to UV light incorporated dUTP into S -phase cells, which 
5 could be unambiguously identified in the two-parameter plots. 
Similar results were obtained using either BrdUrd or IdUrd. 

The advantages of the present invention are numerous. 
First, the method does not require denaturation of the DNA 
molecules. This feature allows the method to be used in 
10 conjunction with, and without adversely affecting, other probes 
of cell phenotype or function, and with methods for detecting 
intracellular antigens and other proteins. Second, the method 1b 
sensitive. Finally, the method may be used as a tool to aid in 
the prognosis of tumors and evaluation of potential genotoxins, 
15 i.e., mutagens and/or carcinogens. Many variations will be 
apparent to those skilled in the art. It is therefore to be 
understood that, within the scope of the appended claims, the 
invention may be practiced other than as specifically described. 
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What is claimed as new and desired to be secured 
by Letters Patent of the United States is: 
Claims 

1. A method for detecting halogenated 
precursors incorporated into DNA, comprising the steps 
of: 

(a) incorporating a halogenated precursor into 
DNA within cells; 

(b) exposing said cells to ultraviolet light to 
induce photolysis of said DNA within said 
cells at the sites of said precursor 
incorporation to generate termini; 

(c) fixing said cells; 

(d) marking the photolysis-generated termini of 
said DNA .within said cells with a 
fluorescent label; 

(e) detecting the fluorescence of said 
fluorescent-labeled DNA within said cells; 

(f) determining the amount of said incorporated 
precursor within said DNA from the amount of 
said fluorescence; 

(g) determining the amount of newly synthesized 
DNA in said cells from the amount of said 
incorporated precursor; and 

(h) determining the phase of the cell cycle from 
the amount of newly synthesized DNA. 

2. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
1, wherein said incorporating step is accomplished by 
exposing said cells in vitro to said halogenated 
precursor . 

3. A method for detecting halogenated 
precursors incorporated into DNA, comprising the steps 
of: 

(a) incorporating a halogenated precursor into 
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DNA within cells; 

(b) Exposing said cells to ultraviolet light to 
induce photolysis of said DNA within said cells 
at the sites of said precursor incorporation to 
generate termini; 

(c) fixing said cells; 

(d) marking the photolysis-generated termini of 
said DNA within said cells with a fluorescent 
label; 

(e) detecting the fluorescence of said 
fluorescent -labeled DNA within said cells; and 

(f ) determining the amount of said incorporated 
precursor within said DNA from the amount of said 
fluorescence. 

4. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
1, wherein said halogenated precursor is a thymidine 
base analog selected from the group consisting of 5- 
bromo-2-deoxyuridine, 5-iodo-2-deoxyuridine, 5-fluoro- 
2-deoxyuridine, and 5-chloro-2-deoxyuridine. 

5. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
1, wherein said ultraviolet light comprises photons of 
approximately 310 nm wavelength. 

6. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
1, wherein said fixing step is accomplished using 
ethanol . 

7 . A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
1, wherein said detection is accomplished by passing 
said cells through a flow cytometer. 
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8. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
1, wherein said detection is accomplished by means of 
a fluorescence microscope. 

9. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
1, wherein said marking step comprises labeling said 
photolysis-generated termini of said DNA within said 
cells with a dexoynucleotide conjugated with a 
f luorochrome using an exogenous enzyme to catalyze the 
labeling reaction. 

10. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
9, wherein said deoxynucleotide is deoxyuridine 
triphosphate . 

11. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
9, wherein said exogenous enzyme is selected from the 
group consisting of terminal deoxynucleotidyl 
transferase and DNA polymerase. 

12. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
1, wherein said marking step further comprises the 
steps of: 

(a) labeling said photolysis-generated termini 
of said DNA within said cells with a 
deoxynucleotide conjugated with a first 
agent using an exogenous enzyme to catalyze 
the labeling reaction; and 

(b) thereafter incubating said cells with a 
second agent coupled to a f luorochrome , said 
agent having an affinity for said first 
agent and binding thereto. 
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13. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
12, wherein said deoxynucleotide is deoxyuridine 
triphosphate. 

14. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
12, wherein said exogenous enzyme is selected from the 
group consisting of terminal deoxynucleotidyl 
transferase and DNA polymerase. 

15. A method for detecting halogenated 
precursors incorporated into DNA, comprising the steps 
of: 

(a) incorporating a halogenated precursor into 
DNA within biological entities; 

(b) exposing said biological entities to 
ultraviolet light to induce photolysis of 
said DNA within said biological entities at 
the sites of said precursor incorporation; 

(c) isolating said DNA from said biological 
entities; 

(d) analyzing said isolated DNA; 

(e) marking the photolysis-generated termini of 
said analyzed DNA with a fluorescent label; 
and 

(f) detecting said fluorescent-labeled DNA. 

16. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
15, wherein said incorporating step is accomplished by 
exposing said biological entities in vitro to said 
halogenated precursor. 

17. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
15 , wherein said biological entities are selected from 
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the group consisting of cells, bacteria, and viruses. 

18. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
15, wherein said halogenated precursor is a thymidine 
base analog selected from the gorup consisting of 5- 
bromo-2-deoxyuridine, 5-iodo-2-deoxyuridine, 5-fluoro- 
2-deoxyuridine, and 5-chloro-2-deoxyuridine. 

19. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
15, wherein said analyzing step comprises a gel 
electrophoresis method. 

20. A method for detecting halogenated 
precursors incorporated into DNA as recited in Claim 
15, wherein said analyzing step comprises a blotting 
method . 
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